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Research has shown alcohol consumption to be both harmful and beneficial to 
health. 
Heavy alcohol consumption is associated with elevated risk for all-cause morta-
lity, while moderate drinking is associated with a lower risk for coronary heart 
disease. Traditionally, alcohol consumption has been assessed in terms of avera-
ge alcohol consumption with little or no regard for different drinking patterns. 
Within the past few years, however, studies have shown that drinking patterns 
may modify the effects of alcohol on health independently of average alcohol 
consumption. 
The aim of this thesis was to investigate the role of binge drinking as a potential 
risk factor for mortality and morbidity. 
All four studies were based on the FINRISK population cohorts recruited in 1987, 
1992 and 1997. The data were further linked to the two administrative registers 
used in Finland: the Finnish Hospital Discharge Register for non-fatal cases and 
the Causes of Death Register for fatal cases.
This series of studies demonstrated that binge drinking should be considered 
an independent risk factor for mortality and morbidity due to coronary heart 
disease and stroke. In addition, binge drinking seemed to associate with depres-
sion. These results suggest that alcohol drinking patterns modify the effects of 
alcohol consumption and should be included in further studies evaluating the 
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and	 ischemic	 strokes,	 and	 Study	 IV	 found	 that	 binge	 drinkers	 had	 higher	
fibrinogen	 levels	 than	did	non-binge	drinkers.	Furthermore,	we	 found	 that	
fibrinogen	 only	 slightly	mediates	 the	 increased	 risk	 for	 coronary	 endpoints	
related	to	binge	drinking;	the	underlying	mechanism	remains	unknown.	
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alkoholin	 käyttömääriä	 jolloin	 erilaiset	 juomatavat	 ovat	 jääneet	 huomiotta.	







Tutkimuksessa	 1,	 alkoholin	 runsaan	kertajuomisen	havaittiin	 olevan	ko-
konaiskuolleisuuden,	sepelvaltimotautikuolleisuuden,	ulkoisten	kuolinsyiden	








halvausten	 ja	 iskeemisten	aivohalvausten	 riskitekijä	 juodun	alkoholin	koko-
naismäärästä	riippumatta.	
Tutkimuksessa	4	havaitsimme	että	runsaasti	alkoholia	kerralla	juovilla	on	
korkeammat	fibrinogeeni-pitoisuudet	 verrattuna	niihin	 jotka	 eivät	 juo	 run-
saasti	 kerralla.	 Lisäksi	 havaitsimme	 että	 runsaaseen	 kertajuomiseen	 liittyvä	
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1 Introduction
Research	has	shown	alcohol	consumption	to	be	both	harmful	and	beneficial	to	health.	
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2 Review of the literature
2.1 Alcohol consumption: definitions and 
measurements













Heavy drinking occasions and binge drinking
Heavy	drinking	occasions	and	binge	drinking	refer	to	drinking	patterns	with	large	
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2.2 Definition of atherosclerosis and atherosclerotic 
cardiovascular diseases (CVD)
Atherosclerosis









Coronary heart disease 
Coronary	heart	 disease	 (CHD)	 refers	 to	 atherosclerotic	manifestation	 in	 coronary	
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For	 the	 same	average	 alcohol	 consumption,	 a	habit	of	 infrequent	drinking	has	
been	associated	with	higher	mortality	than	one	of	frequent	drinking	(24,	25).	Fur-
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to	measure	drinking	patterns,	 infrequent	drinking,	 occasional	 heavy	drinking	 and	
habitual	drinking	with	binges	have	all	been	associated	with	higher	mortality	than	ha-
bitual	light	to	moderate	alcohol	consumption	without	episodes	of	heavy	drinking.




N = 56 535 Total mortality, Higher mortality risk related to non-frequent consumption pattern with the same 
average consumption.
26 909 men HR 1.25 (CI: 0.70-2.24) for non-frequent, > 20 drinks per wk among men.
29626 women
Age 55-65 y
N = 5072 Total mortality, RR 1.62 (CI : 0.86-3.07) men
2037 men RR 1.08 (CI : 0.15-7.93) women for occasional heavy drinkers with low average 
consumption.
3035 women J-shaped curve for average alcohol consumption.
Age > 18 y Higher mortality among occasional heavy drinkers, RR not significant. 
N = 6502 men Total mortality, 9.5 years Episodic binge drinking was not associated with increased mortality whereas 
frequent binge drinking increased mortality.
RR 1.05 (CI: 0.80-1.36) for binge drinking with occasional binge episodes.
N = 1641 men Total mortality, 7.7 years Higher mortality risk related to the binge drinking habit.
N = 41 528 Total mortality, With the same average alcohol consumption, the number of drinking days was 
inversely associated with mortality in men. 
men and women HR 0.96 (CI: 0.92-1.00) per additional drinking day for men.
Separate analyses for 
abstainers and non-binge 
drinkers as a reference 
category
Binge drinking vs. non-binge 
drinking
Analysed separately by volume
categories (light, heavy)
N = 1919 men 
and women 
Total mortality and 
cardiovascular disease 
mortality after acute MI
Age, sex, BMI, marital status, race, income, 
education, physical activity, smoking, medical 
history, thrombolytic therapy and medications
Higher all-cause and cardiovascular mortality after acute MI among binge drinkers




RR 2.05 (CI: 1.01-4.14) for binge drinkers compared to that for non-binge 
drinkers.
RR 1.61 (CI: 1.04-2.50) for binge drinkers with frequent binge episodes.
Binge drinking vs. moderate 
consumption (Binge drinking 
definition: 6 or more beer/occasion)(separate analyses for 
CVD/external-cause mortality
and fatal MI)
Average alcohol consumed in 1-3 d
vs. same amount consumed in 4-6 d.
10.5 years
HR 2.19 (CI: 1.15-4.17) for non-frequent > 20 drinks per week among women.
6.8 years
11.3 years





Yes. Based on quantity-
frequency questionnaire 
Yes. Based on quantity-
frequency questionnaire
Lifetime abstainers
Reference Study population Drinking pattern definition Adjustment for average 
alcohol consumption
Heavy drinking occasions vs. no 
heavy drinking occasions (8 drinks/
occasion or getting drunk at least 
monthly)
(separate analyses for 
CVD/CHD/external-cause
mortality)
Binge drinking  vs. moderate 
drinking (binge drinking definition:
> 160 g alcohol per typical drinking
occasion)
Yes. Based on quantity-
frequency questionnaire and 
diary
Alcohol consumption in 7 
days/week
Less than 3 bottles of beer on
a typical drinking occasion
Yes. Based on quantity 
frequency questionnaire
Yes. Analysed separately by 
quantity categories and 
frequency categories
Very light drinkers (less than
one, but more than zero drinks
per week)
Frequent vs. non-frequent drinkers 











USA, cohort of 
subjects hospitalised
due to acute MI










Further adjustments      
Smoking, leisure time physical activity, 
occupational status, marital status, social contacts,
depression, previous diseases, systolic blood 
pressure, LDL, HDL, fibrinogen, BMI
Results
Diseases before baseline, education, smoking, 
BMI, diet 
Income, marital status, smoking
Age, education, blood pressure, smoking, BMI, 
total cholesterol
Age, sex, country of birth, education, smoking, 
physical activity, household size, previous medical
conditions, fruit and vegetable intake, total energy
intake, saturated fat, BMI.
For women, the minimum mortality rate at 4 drinking days/week and maximum at
7 days/week. (HR at 4 versus 7 drinking days: 0.65; 95% CI 0.47-0.90).
Table	1						Summary	of	prospective	studies	on	alcohol	drinking	patterns	and	all-cause	
mortality
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average consumption.
26 909 men HR 1.25 (CI: 0.70-2.24) for non-frequent, > 20 drinks per wk among men.
29626 women
Age 55-65 y
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inversely associated with mortality in men. 
men and women HR 0.96 (CI: 0.92-1.00) per additional drinking day for men.
Separate analyses for 
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Binge drinking vs. non-binge 
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N = 1919 men 
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Lifetime abstainers
Reference Study population Drinking pattern definition Adjustment for average 
alcohol consumption
Heavy drinking occasions vs. no 
heavy drinking occasions (8 drinks/
occasion or getting drunk at least 
monthly)
(separate analyses for 
CVD/CHD/external-cause
mortality)
Binge drinking  vs. moderate 
drinking (binge drinking definition:
> 160 g alcohol per typical drinking
occasion)
Yes. Based on quantity-
frequency questionnaire and 
diary
Alcohol consumption in 7 
days/week
Less than 3 bottles of beer on
a typical drinking occasion
Yes. Based on quantity 
frequency questionnaire
Yes. Analysed separately by 
quantity categories and 
frequency categories
Very light drinkers (less than
one, but more than zero drinks
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Further adjustments      
Smoking, leisure time physical activity, 
occupational status, marital status, social contacts,
depression, previous diseases, systolic blood 
pressure, LDL, HDL, fibrinogen, BMI
Results
Diseases before baseline, education, smoking, 
BMI, diet 
Income, marital status, smoking
Age, education, blood pressure, smoking, BMI, 
total cholesterol
Age, sex, country of birth, education, smoking, 
physical activity, household size, previous medical
conditions, fruit and vegetable intake, total energy
intake, saturated fat, BMI.
For women, the minimum mortality rate at 4 drinking days/week and maximum at
7 days/week. (HR at 4 versus 7 drinking days: 0.65; 95% CI 0.47-0.90).
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Epidemiological	 studies	 assessing	 the	 effects	 of	 drinking	 patterns	 in	 terms	 of	
drinking	 frequencies	 have	 reported	 the	 following	 findings.	 The	 British	 Regional	
Heart	Study	 found	that	daily	 light	drinkers	had	the	 lowest	 rate	of	major	 ischemic	
heart	disease	events,	whereas	the	highest	attack	rate	was	among	occasional	drinkers	
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study	 showed	 higher	mortality	 from	 fatal	MI	 among	 binge	 drinkers	 than	 among	
non-binge	drinkers	with	the	same	average	alcohol	consumption	(5).	A	higher	risk	for	
CHD	among	binge	drinkers	was	also	observed	in	a	Canadian	cohort,	even	though	
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Table 2     Summary of prospective studies on alcohol drinking pattern and coronary 
heart disease
Reference Study population n Outcome, Drinking pattern 
definition
Adjustment for average 
alcohol consumption
Reference category Further adjustments      Results
men/women follow-up time
age





N = 7729 men MI (fatal or non-
fatal) or sudden 
cardiac death, 6.2 
years
None, occasional, 
weekend and daily 
drinkers
Analysed separately 
according to light, mod-
erate and heavy average 
drinking categories
Age, smoking, social class Lowest attack rate among daily 
light drinkers. The highest rate 











Binge drinking vs. 
moderate drinking
Yes. Based on quantity-
frequency questionnaire
Less than 3 bottles 
of beer on a typical 
drinking occasion
Smoking, leisure time 
physical activity, occupa-
tional status, marital status, 
social contacts, depression, 
previous diseases, systolic 
blood pressure, LDL, HDL, 
fibrinogen, BMI
Higher mortality for fatal MI 
among binge drinkers. No differ-
ence in acute MI incidence.
aged 42-60 y









or death due to 
CHD, 8 years
Binge drinking vs. 
non-binge drinking 
(≤ 8 drinks at one 
sitting)
No No binge drink-
ing behaviour (≤ 8 
drinks at one sitting)
Age, education, marital 
status, smoking
Higher CHD mortality and mor-
bidity among binge drinkers than 






N = 6502 men Coronary heart 
disease mortality, 
9.5 years
Binge drinking vs 
moderate drinking
Yes. Analyzed separately 
by quantity categories 
and frequency catego-
ries.
Moderate drinkers Age, education, blood pres-
sure, smoking, BMI, total 
cholesterol
Higher CHD mortality among 
binge drinkers (at least one bing-
ing episode per month) than 
among moderate drinkers. Ad-
justed model non significant. 
aged 25-64 y










quent drinking (at 
least 1 time/wk vs. 
rarely)
Analysed separately ac-




Education, smoking, leisure 
time physical activity, BMI, 
diet
Infrequent drinking was associ-
ated with higher CHD incidence 
than was frequent drinking. aged 50-65 y
Mukamal et al. 
2003
USA, population of 
Health Professionals
N = 51 529 male Myocardial infarc-
tion, 12 years
Frequent > 3 times/wk, 
non-frequent less than 
once per wk
Analysed separately ac-
cording to quantity and 
frequency categories
Infrequent < 1 drink-
ing day/wk
Age, smoking, BMI, diabetes, 
hypertension, cholesterol, 
parental history of MI, use of 
aspirin, physical activity, intake 
of energy, intake of vitamins, 
fats and fibre
Frequent alcohol consumption associ-
ated with lower rates of MI than did 
the consumption of alcohol < 1/wk. 
The amount of alcohol consumed did 
not alter the association. 
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Table 2     Summary of prospective studies on alcohol drinking pattern and coronary 
heart disease
Reference Study population n Outcome, Drinking pattern 
definition
Adjustment for average 
alcohol consumption
Reference category Further adjustments      Results
men/women follow-up time
age





N = 7729 men MI (fatal or non-
fatal) or sudden 
cardiac death, 6.2 
years
None, occasional, 
weekend and daily 
drinkers
Analysed separately 
according to light, mod-
erate and heavy average 
drinking categories
Age, smoking, social class Lowest attack rate among daily 
light drinkers. The highest rate 











Binge drinking vs. 
moderate drinking
Yes. Based on quantity-
frequency questionnaire
Less than 3 bottles 
of beer on a typical 
drinking occasion
Smoking, leisure time 
physical activity, occupa-
tional status, marital status, 
social contacts, depression, 
previous diseases, systolic 
blood pressure, LDL, HDL, 
fibrinogen, BMI
Higher mortality for fatal MI 
among binge drinkers. No differ-
ence in acute MI incidence.
aged 42-60 y









or death due to 
CHD, 8 years
Binge drinking vs. 
non-binge drinking 
(≤ 8 drinks at one 
sitting)
No No binge drink-
ing behaviour (≤ 8 
drinks at one sitting)
Age, education, marital 
status, smoking
Higher CHD mortality and mor-
bidity among binge drinkers than 






N = 6502 men Coronary heart 
disease mortality, 
9.5 years
Binge drinking vs 
moderate drinking
Yes. Analyzed separately 
by quantity categories 
and frequency catego-
ries.
Moderate drinkers Age, education, blood pres-
sure, smoking, BMI, total 
cholesterol
Higher CHD mortality among 
binge drinkers (at least one bing-
ing episode per month) than 
among moderate drinkers. Ad-
justed model non significant. 
aged 25-64 y










quent drinking (at 
least 1 time/wk vs. 
rarely)
Analysed separately ac-




Education, smoking, leisure 
time physical activity, BMI, 
diet
Infrequent drinking was associ-
ated with higher CHD incidence 
than was frequent drinking. aged 50-65 y
Mukamal et al. 
2003
USA, population of 
Health Professionals
N = 51 529 male Myocardial infarc-
tion, 12 years
Frequent > 3 times/wk, 
non-frequent less than 
once per wk
Analysed separately ac-
cording to quantity and 
frequency categories
Infrequent < 1 drink-
ing day/wk
Age, smoking, BMI, diabetes, 
hypertension, cholesterol, 
parental history of MI, use of 
aspirin, physical activity, intake 
of energy, intake of vitamins, 
fats and fibre
Frequent alcohol consumption associ-
ated with lower rates of MI than did 
the consumption of alcohol < 1/wk. 
The amount of alcohol consumed did 
not alter the association. 
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2.4.1 Alcohol and stroke
Heavy	alcohol	consumption	has	been	shown	to	increase	risk	for	both	ischemic	and	
hemorrhagic	 strokes	 (50,	51).	The	 relationship	between	 alcohol	 consumption	 and	
haemorrhagic	stroke,	 including	both	intracerebral	(ICH)	and	subarachnoid	(SAH)	
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2.5 Mechanisms linking alcohol to cardiovascular 
diseases













Consuming	 large	 amounts	of	 alcohol	 in	one	occasion	has	been	 shown	 to	 raise	
blood	pressure	more	 than	 the	consumption	of	 the	 same	amount	of	alcohol	over	a	
longer	period	of	time	(80).	The	Intersalt	Study	showed	higher	blood	pressure	values	
among	those	heavy	drinkers	with	greater	variation	in	daily	consumption	compared	
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subjects	without	heart	 failure	 (85,	86).	Ventricular	 arrhythmia,	which	may	end	as	
ventricular	fibrillation,	is	the	main	mechanism	by	which	heavy	alcohol	drinking	pre-
disposes	to	sudden	death.
2.5.3 Alcohol, lipids and atherosclerosis










sociated	with	 increased	HDL	 levels,	 although	 the	drinking	pattern	was	not	 taken	
into	account	(104).	A	meta-analysis	of	42	experimental	studies	found	increased	con-
centrations	of	HDL	cholesterol,	apolipoprotein	A1	and	triglycerides	after	moderate	
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alcohol	consumption	(on	average	30	g	of	alcohol	per	day)	(105).	Furthermore,	heavy	
alcohol	consumption	has	been	shown	to	increase	triglyceride	concentrations	(106).	





























tion	 and	 accelerated	 atherosclerosis	 (6).	This	 latter	 relationship,	however,	has	 seen	
little	investigation.
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clude	 the	 prothrombotic	 effect	 (137),	 effects	 on	 endothelial	 function,	 platelet	 ag-
gregation	and	plaque	formation	(138).	Furthermore,	fibrinogen	is	the	major	deter-
minant	of	plasma	viscosity,	which	is	an	independent	risk	factor	for	coronary	events	
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Only	a	 few	studies	have	 investigated	 the	associations	between	alcohol	drinking	
patterns	and	depression.	One	cross-sectional	study	found	that	the	quantity	of	alcohol	
consumed	per	drinking	occasion	was	associated	with	depressive	symptoms,	whereas	
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external	 causes	 and	 alcohol-related	 causes	 independently	 of	 one’s	 average	
long-term	alcohol	consumption.	
2.	To	examine	the	differences	in	the	occurrence	of	depressive	symptoms	among	
ex-drinkers,	 lifelong	 teetotallers	 and	 subjects	with	 or	without	 a	 pattern	 of	
binge	drinking.
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4 Material and methods
4.1 Study population
4.1.1 The National FINRISK Study
The	FINRISK	samples	are	independent	cross-sectional,	random	population	samples	
carried	out	 in	Finland	at	five	year	 intervals	 since	1972.	The	aim	of	 the	FINRISK	
surveys	has	been	to	evaluate	cardiovascular	risk	factors	and	their	changes	at	the	popu-
lation	level.
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The Finnish Platelet Aggregation and Inflammation Study (PAIS)
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4.2 Methods and measurements



















and	 categorised	 into	 two	 groups:	 smokers	 and	non-smokers.	Current	 smokers	 in-
cluded	participants	who	had	 smoked	 regularly	 for	at	 least	 a	year	and	had	 smoked	
daily	during	 the	previous	month.	Other	 respondents	were	 classified	as	non-smok-
ers	 (never	 smokers,	 occasional	 smokers,	 ex-smokers).	A	 self-administered	question	
enquired	about	the	following	chronic	infections	diagnosed	or	treated	by	a	physician	
during	 the	 previous	 year:	 asthma,	 chronic	 obstructive	 pulmonary	 disease,	 chronic	
bronchitis,	rheumatoid	arthritis	and	chronic	cystitis.	
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4.2.3 Measurement of average alcohol consumption
Average	alcohol	consumption	was	assessed	with	a	self-administered	quantity-frequen-
cy	questionnaire.	The	questionnaire	enquired	about	the	usual	quantity	and	frequency	
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ous,	heavy,	moderate	drinkers	(Study	2)	and	heavy,	moderate,	light	drinkers	(Study	
3).	The	upper	category	included	participants	who	consumed	>	350	g	of	alcohol	per	






rest	 (183).	Average	alcohol	consumption	was	measured	 for	 those	participants	who	
reported	any	alcohol	consumption	within	the	previous	12	months.	Based	on	their	
responses,	abstainers	were	classified	as	lifelong	teetotallers	and	ex-drinkers.	
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4.3 Definition of endpoints
The	study	cohorts	were	linked	to	the	Finnish	hospital	Discharge	register	for	non-fatal	
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drinkers	with	 or	without	 a	 binge	 drinking	 habit,	 and	 hazardous	 drinkers	with	 or	
without	a	binge	drinking	habit.	Because	of	the	interaction	between	drinking	habit,	
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In	 study	 IV	we	examined	 the	 role	of	fibrinogen	as	 a	potential	mechanism	 linking	
the	binge	drinking	habit	to	increased	CHD	morbidity.	The	study	sample	included	
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4.5 Statistical methods
We	 investigated	 the	 differences	 between	 the	 background	 characteristics	 of	 binge	
drinkers	and	non-binge	drinkers	with	the	t	 test	and	chi	square	test	(Studies	I-IV).	
Because	of	the	skewed	distribution	of	long-term	alcohol	consumption	and	fibrinogen	
levels,	we	 used	 the	Wilcoxon	U-test	 to	 compare	 the	 consumption	 and	fibrinogen	
levels	of	binge	drinkers	and	non-binge	drinkers	(Study	IV).	Differences	in	the	mean	
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5 Results
5.1 General characteristics of the study population
Characteristics	 of	 the	 study	population	presented	here	 apply	 to	 the	 study	 sample,	
which	comprised	participants	 studied	 in	 the	FINRISK	studies	of	1987,	1992	and	
1997.	This	sample	was	used	in	Study	III,	whereas	the	other	studies	utilised	parts	of	
this	 larger	 sample.	The	study	cohort	 included	a	 total	of	26	000	subjects,	of	which	











binge	drinkers,	more	often	had	hypertension,	higher	BMI,	 lower	 education	 status	
and	smoked	more	than	did	non-binge	drinkers.	No	difference	in	diabetes	prevalence	
was	observed	between	binge	drinkers	and	non-binge	drinkers.	(Table	3)
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Table 3. Characteristics of participants by drinking pattern
Characteristics Binge drinking 
pattern
No binge drinking 
pattern
p-value
Number of participants (%) 3558 (22) 12407 (77) < 0.001
Number of ischemic strokes 122 57
Number of hemorrhages 50 20
Men (%) 2505 (70 ) 5510 (44) < 0.001
Age, y (SD) * 41.3  (10.5) 44.8  (11.2) < 0.0001
Alcohol intake
 g/ week (%) 
Light drinkers †) 76.1% 96.4%
Moderate drinkers ‡) 9.6 % 2.4%
Heavy drinkers §) 14.3% 1.2% < 0.0001
Body mass index (kg/m2) * 
(SD)
26.9 (4.6) 25.9 (4.26) < 0.0001
History of myocardial 
infarction (%)
70 (2) 330 (2.7)  0.019
Hypertension (%) 1614 (45) 5125 (41) < 0.0001
Diabetes (%) 138 (3,9) 471 (3.8) NS
Smoking (%) 1945 (55) 2690 (22) < 0.0001
Education 
Lower (%) 1751 (50) 4677 (38) <0.001
Medium (%) 1048 (30) 3739 (31)
Higher (%) 717 (20) 3814 (32)
Values are frequencies  (percentages)  and Chi-Square test (χ 2 ) is used as a statistical test. 
* values are means (SD) and Student’s t-test is used as a statistical method.
†)  Total alcohol consumption 0-230 g/week for men and 0-150g/week for women
‡) Total alcohol consumption 231-350 g/week for men and 151-210 g/week for women
§) Total alcohol consumption >350 g/week for men and >210 g/week for women
NS	 =	statistically	non	significant
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95%	CI	1.78-2.88).	When	 average	 alcohol	 consumption,	 smoking	 and	 education	
were	added	to	 the	model,	 the	RR	diminished	somewhat,	but	 remained	significant	
(RR	1.57;	95%	CI	1.17-2.10).		The	fully	adjusted	RR	for	IHD	mortality	was	1.77	
(95%	CI	1.01-3.08)	(Table	5).
Table 4.      Mortality among men studied in the National FINRISK Study in 1987 and 
1992 by drinking pattern
Drinkers with heavy 
pattern
No heavy drinking 
occasions
























All causes 128 11205 1142 1301 219 26187 836 730
Cardiovascular diseases 48 11508 417 484 109 26603 409 343
   Ischaemic heart diseases 38 11550 329 371 85 26718 318 264
   Cerebrovascular diseases 3 11673 25 31 18 27042 66 56
Malignant neoplasms 21 11605 180 206 59 26923 219 186
External causes † 27 11565 233 239 20 27029 73 73
Alcohol related diseases ‡ 20 11633 171 190 12 27084 44 42
* Standardised to European population
† Alcohol poisonings excluded
‡ Alcohol poisonings included
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Table 5.    Relative risk for total mortality and ischaemic heart disease mortality 
among drinkers with heavy pattern compared with other drinkers. Proportional hazard 
models are adjusted for potential confounders and other covariates. The previous 
covariates remain in the model when the new one is added. Previous myocardial 
infarctions are excluded.










  Age 2.27 (1.78-2.88) 2.26 (1.41-3.63)
+ Average alcohol use * 1.92 (1.45-2.53) 2.14 (1.25-3.67)
+Smoking  1.63 (1.23-2.17) 1.78 (1.03-3.07)
+Education 1.57 (1.17-2.10) 1.77 (1.01-3.08)
* Average alcohol use grouped into three categories. 0- 95.9 g/week, 
96-199.9 g/week and 200+ g/week.
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(95%	CI	 0.86-1.17)	 for	 haemorrhages.	When	 the	 analyses	were	 rerun	 to	 include	
the	 non-drinking	 participants	 in	 the	 non-binge	 drinker	 category,	 the	 risk	 for	 any	
stroke	and	 ischemic	 stroke	among	binge	drinkers	 increased.	After	adjusting	 for	all	
confounders,	the	HR	for	any	stroke	was	1.47	(95%	CI	1.06-2.04),	and	1.72	(95%	
CI	1.18-2.50)	for	ischemic	stroke.	
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Table 6.    Hazard rations (95 % CI) for any stroke event among binge drinkers 
compared with non-binge drinkers. 
Model 1 Model 2
HR ( 95 % CI) HR ( 95 % CI)
Binge drinking pattern 1.85 (1.35-2.54) 1.39 (0.99-1.95)
Long term average alcohol consumption * ) 1.00 ( 0.92-1.01) 0.98 (0.89-1.07)
Age (years) 1.10 (1.09-1.21) 1.09 ( 1.07-1.11)
Gender (0,1) 0.52 (0.39-0.71) 0.61 (0.44-0.83)
Study area
North-Karelia 1,00
Kuopio region 1,07 (0,76-1,53)
South western Finland 0,90 ( 0,62-1,32)
Helsinki region 1,21 (0,79-1,84)
Oulu region 0,67 ( 0,32-1,39)
Hypertension (0,1) 1,64 (1,20-2,24)
Smoking (0,1) 2,21 (1,67-2,93)
Diabetes (0,1) 2,01 ( 1,35-2,98)
Body Mass Index (kg/m2) 1,04 (1,01-1,08)
Level of education (1,2,3) 1,03 (0,87-1,22)
History of myocardial infarction (0,1) 1,74 (0,94-1,01)
Study year 0,98 ( 0,94-1,01)
Model 1, adjusted for average long term alcohol consumption, age and gender
Model 2, adjusted for covariates in model 1 and additionally for study area, study year,  
hypertension, smoking, diabetes, BMI, education and coronary heart disease
*) Log transformed
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Table 7.    Hazard rations (95 % CI) for ischemic stroke event among binge drinkers 
compared with non-binge drinkers.
Model 1 Model 2
HR ( 95 % CI) HR ( 95 % CI)
Binge drinking pattern 1,99 (1,39-2,87) 1,56 (1,06-2,31)
Long term average alcohol 
consumption*)
1,02(0,92-1,13) 1,00 (0,89-1,12)
Age (years) 1,13 (1,11-1,15) 1,12(1,09-1,14)
Gender (0,1) 0,49 (0,34-0,71) 0,57 (0,39-0,84)
Study area 
North Karelia 1,00
Kuopio region 1,02 (0,67-1,550)
South western Finland 0,79 (0,51-1,25)
Helsinki region 1,22 (0,76-1,98)
Oulu region 0,78 ( 0,35-1,72)
Hypertension (0,1) 1,34 (0,94-1,91)
Smoking (0,1) 1,99(1,43-2,78)
Diabetes ( 0,1) 2,04( 1,30-3,20)
Body Mass Index (kg/m2) 1,06 (1,03-1,10)
Level of education (1,2,3) 1,03 ( 0,84-1,23)
History of myocardial infarction (0,1) 1,49 ( 0,91-2,48)
Study year 0,97 ( 0,93-1,02)
Model 1, adjusted for average long term alcohol consumption, age and gender
Model 2, adjusted for covariates in model 1 and additionally for study area, study year, 
hypertension, smoking, diabetes, BMI, education and coronary heart disease
*) Log transformed
Research 33/2010 4 Alcohol consumption and binge drinking as risk 
factors for cardiovascular diseases and depression
5.5 Binge drinking and fibrinogen (Study IV)
During	the	follow-up,	a	total	of	206	coronary	events	or	revascularisations	were	reg-
istered.	Of	these,	150	were	coronary	events.	The	risk	for	a	coronary	event	or	revas-
cularisation	was	higher	 in	binge	drinkers	 than	 in	non-binge	drinkers.	The	HR	for	
a	coronary	event	or	revascularisation	was	1.91	(95%	CI	1.35-2.69)	after	adjusting	








diminished	 the	 risk	 somewhat,	 but	 it	 remained	 statistically	 significant	 (HR	 1.61;	
95%	CI	1.06-2.44)	(Study	IV,	Table	4).
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6 Discussion
 











toms	 than	 lifelong	 abstainers	 and	 subjects	 with	 no	 binge	 drinking	 habit.	
Furthermore,	binge	drinking	was	 found	to	associate	with	depression	 inde-
pendent	of	average	alcohol	consumption	and	other	potential	confounders.
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6.2 Methodological aspects
6.2.1 Study population and design
This	thesis	is	based	on	large	representative	population	samples	that	can	be	considered	
















6.2.2 Alcohol consumption measurements
6 .2 .2 .1	Self-reported	alcohol	consumption
The	assessment	 of	 alcohol	 consumption	with	 self-reports	 is	 always	 imprecise,	 and	
underreporting	of	actual	alcohol	consumption	is	a	well-recognised	problem	in	popu-
lation	surveys	(8,	164,	165,	166).	The	quantity-frequency	method	used	in	this	thesis	






The	 quantity-frequency	 method	 includes	 a	 few	 questions	 on	 habitual	 alcohol	
consumption	which	respondents	find	are	relatively	easy	to	complete	and	which	can	
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6 .2 .2 .2	Binge	drinking	measurement
In	 this	 study,	binge	drinking	was	defined	 to	 include	 those	who	drink	 six	or	more	
drinks	on	a	typical	drinking	occasion	for	men	and	four	or	more	drinks	for	women.	
This	 criterion	 is	widely	used	 in	 epidemiological	 studies	 and	 is	 consistent	with	 the	








tion	with	heavy	drinking	occasions	 in	contrast	 to	a	pattern	of	 steady	alcohol	con-
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6.3 Results: Interpretation of the findings
6.3.1 Binge drinking and all-cause mortality
The	 results	 of	 this	 study	 showed	 higher	 risk	 for	 all-cause	mortality	 among	 binge	
drinkers	than	among	non-binge	drinkers.	The	association	was	attenuated	somewhat	
by	adjusting	for	average	alcohol	consumption,	smoking	and	education.	As	discussed	
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6.3.2 Binge drinking and stroke
We	found	a	higher	risk	for	all	strokes	and	ischemic	stroke	among	binge	drinkers	than	
among	non-binge	drinkers	independent	of	average	alcohol	consumption.	However,	








consumption	up	 to	 three	 times	per	week)	diluted	 the	benefit	 (57).	 In	addition	 to	























Curiously,	we	 found	no	 association	between	 average	 alcohol	 consumption	 and	
any	stroke	subtype.	Most	previous	studies	have	found	associations	between	average	
alcohol	consumption	and	stroke,	and	the	association	has	been	shown	to	be	linear	for	
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ischemic	 stroke	 and	 ICH	 among	 those	with	 heavy	 alcohol	 consumption	 prior	 to	
stroke	onset	after	controlling	for	hypertension	(69,	70).	
6.3.3 Binge drinking and coronary heart disease
Our	first	study	showed	higher	mortality	due	to	ischemic	heart	disease	among	binge	
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per	week	(4,	44,	45,	46).	However,	most	of	these	studies	investigating	the	effects	of	











The	mechanisms	 behind	 the	 association	 between	 binge	 drinking	 and	 coronary	
endpoints	remain	unknown.	Recent	studies	have	suggested	that	their	effects	on	co-
agulation,	lipids	and	atherosclerosis	are	potential	pathways.	In	our	study,	we	adjusted	
the	 analyses	 for	 several	 cardiovascular	 risk	 factors,	 but	 this	 changed	 the	 risk	 only	
slightly.	The	 possibility	 of	 residual	 confounding	must	 be	 addressed	 as	 well	 as	 the	
possibility	of	 arrhythmias	known	 to	be	 related	 to	heavy	alcohol	 consumption	and	
withdrawal.	











mechanisms	 (inflammation	 and	 coagulation)	 are	 considered	potential	pathways	 in	
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6.3.4 Alcohol consumption, binge drinking and depression
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6.5 Public health implications
Alcohol	consumption	 is	a	well-known	public	health	challenge	worldwide.	Alcohol	
consumption	has	been	shown	to	have	both	beneficial	and	harmful	effects	on	health,	
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